W e use a unique data set to estimate the price sensitivities of households in online and offline shopping channels when the same households shop across channels. We observe households that shop interchangeably at the online and the offline stores in the same grocery chain and investigate their purchase behavior in specific product categories. Although nearly 90% of households in our sample shop both at online and offline stores, we find that, across 12 vastly different product categories, these households exhibit lower price sensitivities when they shop online than when they shop offline. Our analysis accounts for observed and unobserved household heterogeneity as well as price endogeneity. The results hold for large basket-share categories and small basket-share categories, for consumer packaged goods and nonpackaged goods, for categories that are more likely to be purchased online because of their bulkiness or heaviness, and for categories that are more likely to be purchased offline because of their "sensory" nature. Households' price sensitivities are also closely related to demographics and inversely related to how far the households are located from the offline stores. Reasons for the lower price sensitivities in the online medium are discussed.
Introduction
Will the same consumers exhibit different price sensitivities when they shop online than when they shop offline? If so, are they more or less price sensitive in the Internet shopping medium than in a physical store? Because consumer price sensitivity directly affects a firm's pricing strategy and profits, an empirical understanding of consumers' price responses across these two different shopping media will help firms better price their products for different channels and thus earn higher profits.
Empirical findings with actual data on the effect of the Internet on price competition, price dispersion, and consumer price sensitivity are mixed, even for physically identical products such as books and CDs.
1 Bailey (1998) finds that average levels of prices for books and CDs were higher online between 1996 and 1997, implying less price competition online; Brynjolfsson and Smith (2000) find that the average prices for books and CDs were lower online in 1999, implying more price competition online than offline. Shankar et al. (2001) study how the online medium affects (a) the importance of price and (b) the value of price search in the hospitality industry. Comparing online and offline shopper groups, they find that the online medium does not have a main effect on the importance of price, but it does increase the perceived value of price search and thus increases price sensitivity. Nevertheless, some website tactics, such as the degree of interactivity and the depth of information provision, actually reduce price sensitivity. Smith and Brynjolfsson (2001) find that customers at an Internet book shopbot are twice as sensitive to changes in shipping fees and sales tax than to changes in item price. Brown and Goolsbee (2002) find that Internet comparison sites make the life insurance industry more competitive and reduce insurance policy prices. Clemons et al. (2002) find that airline ticket prices from online travel agents vary substantially, even after controlling for ticket quality. Cooper (2006) finds that online prices are lower and significantly less dispersed than offline prices for contact lenses, but the differences are less pronounced for advertised products.
The above studies all deal with nongrocery items, and none of them compares price sensitivities for the same individuals. Grocery shopping differs from nongrocery shopping in two important ways. First, grocery shopping is a frequent and repetitive activity and can be a burden for individuals, and second, although competition for groceries tends to be local, that for nongroceries such as books and CDs is global. Furthermore, many online grocers are virtual monopolies in their markets for the online medium. Thus, conclusions about nongrocery products might not apply to grocery items.
Research on online grocery shopping has focused on comparing features such as brand loyalty and price sensitivities across online and offline channels using separate online and offline panels while controlling for self-selection related issues. Degeratu et al. (2001) investigate how brand name, price, and other search attributes affect consumer choice behavior in online and conventional supermarkets. They find that the importance of brand name varies across category, price sensitivity is higher online because of the stronger signaling effect of online price cuts, and the combined effect of price and promotion is lower online than offline. Andrews and Currim (2004) find that online consumers are less price sensitive and prefer larger sizes. Danaher et al. (2003) find that high market share brands enjoy a loyalty advantage in the online store. In all these studies, the online and offline customers come from two separate samples; therefore, observed differences in shopping behavior might not be caused by the shopping media, but might be inherent in these two groups of consumers (although Danaher et al. 2003 explicitly account for this in their analysis). Zhang and Krishnamurthi (2004) use a household panel data set of online purchases to measure the impact of promotions on households' purchase behavior. Lewis et al. (2006) find a significant effect of nonlinear shipping and handling fees on consumers' online purchase incidence and expenditure decisions for groceries. The latter two studies deal only with the Internet medium, while this paper looks at both online and offline channels.
In this paper, we investigate how the same households respond to grocery prices differently in the online store than in the offline stores of the same chain. Our analysis is based on a unique household scanner panel data set. We observe a panel of households that make grocery shopping trips interchangeably to the Internet store and to the physical stores of the same grocery chain, with almost 90% of households shopping across these channels. For each trip, we observe the entire basket of both packaged and nonpackaged goods. Our empirical analysis is conducted on 12 product categories, including big basket-share categories (yogurt and milk) and small basket-share categories (liquid fabric softener and dish detergent); packaged goods (paper towels and frozen pizza) and nonpackaged goods (oranges and potatoes); and categories that are more likely to be purchased online because of their bulkiness or heaviness (toilet paper and cooking oil) and more likely to be purchased offline because of their "sensory" nature (bread and oranges). We provide detailed results for one category (frozen pizza) and summary results for other categories.
We specify a random coefficients logit model for purchase incidence and brand choice conditional on store choice. Quantity choices are accounted for by explicitly incorporating different package sizes into the model specification. Our estimation accounts for observed and unobserved household heterogeneity as well as for price endogeneity. We allow the distribution of price coefficient, the effects of demographics on price response, brand loyalty, and the effects of outside good utility shifters to differ across offline and online channels. We find that the same households exhibit lower price sensitivities when they shop online than when they shop offline. The results hold across 12 vastly different product categories. We discuss reasons for our findings.
The rest of the paper proceeds as follows. We describe the data in §2, set up the econometric model in §3, and detail the estimation in §4. We report findings in §5 and conclude in §6.
Data

The Grocery Retailer
Our data come from a major grocery retail chain in Spain. The data are for one metro area, where the retailer has 200 physical stores. The retailer started online operations in 2001 and was the only successful online grocery store in Spain during the period of our data collection. The online store is teamed up with 17 of the chain's physical stores in the metro area for grocery supply. Online orders are processed by these offline stores. After placing an order online, a household can either go to one of these 17 stores to pick up the order for no charge or have the basket delivered to its doorstep (delivery fee of E4.5 for orders under E90, or free otherwise). An important feature of grocery stores in the metro area is that they do not always have parking lots, so consumers usually walk or take public transport to do grocery shopping. About 60% of the physical stores in this chain also provide home delivery service. The delivery charge for offline shopping is E3.5 for orders below E90 and free otherwise.
The retailer has a Hi-Lo chainwide promotion policy and practices zone pricing for the offline stores. There are two offline price zones. Roughly, stores in the low-income area belong to the low-price zone, and those in the high-income area belong to the high-price zone. Average prices across all categories in the highprice zone are about 3% higher. When this retailer started the online business, it applied the prices in the high-price offline zone to the online store.
Finally, price cuts are usually the same across channels. The retailer's store week is the same as the calendar week, and promotions are usually run on a weekly basis; thus, weekday prices are the same as weekend prices.
Household Panel Data
We obtained household panel data on 2,733 households from this retailer. To be included in the panel, the household needs to have made at least one online purchase at the retailer's online store prior to the data collection. So all households in our panel are online shoppers, although some of them do not make any online trips during the data-collection period. We observe all trips both to the online store and to the offline stores in this grocery chain from 12/2002 to 11/2003. For each trip, we observe the entire basket of both packaged and nonpackaged goods. For each item, we have prices, units bought, and a detailed description. We compute a distance measure between the households and the stores based on each household's zip code information and each store's street location.
Of the panel households, 41.3% reside in the lowprice zone and 58.7% in the high-price zone. Eightynine percent of the panel households are "mixed" shoppers-shopping both at the online and offline stores-10.2% are pure online shoppers, and 0.8% are pure offline shoppers. Of the households in the low-price zone, 87.3% are mixed shoppers and 11.8% are pure online shoppers; of the households in the high-price zone, 90.2% are mixed shoppers and 9.2% are pure online shoppers. The dropout rate among these online shoppers is very low, in contrast with what is found in other studies (Danaher et al. 2003) .
The households on average made 43.3 shopping trips during the one-year period: 38.3 trips for households in the low-price zone and 46.8 trips for households in the high-price zone. Of the trips, 27.9% occurred to stores in the low-price zone, 55.5% to stores in the high-price zone, and 16.6% to the online store. However, the online store accounts for 37.9% of grocery spending, the low-price zone accounts for 16.8%, and the high-price zone accounts for 45.3%. Consequently, the online basket size is much larger than the offline basket size. Table 1 shows the distribution of shopping trips and mean basket size across zones for households in the two different price zones. Interestingly, cross-zone shopping is common among these households, particularly for those in the low-price zone. Households in the low-price zone made 18.9% of their trips to the online store and 14.6% to the high-price zone, and households in the high-price zone made only 15.3% of their trips to the online store and 5.5% to the low-price zone, even though the former have to pay higher prices in the online store and in the high-price zone, and the latter benefit more from cross-zone shopping.
The mixed shoppers made 49.4 trips in total, with 6.6 online and 42.8 offline. The pure online and pure offline shoppers each made 13 trips or 56 trips, respectively. The mixed shoppers behave like pure online shoppers when shopping online and like pure offline shoppers when shopping offline. The online basket for mixed shoppers is E129.5, as compared to E121.2 for the pure online shoppers, and the offline basket for mixed shoppers is E43.1, as compared to E43.3 for the pure offline shoppers. The mixed shoppers buy 29 categories and 41 items on an average online trip; the corresponding numbers for the pure online shoppers are 22 and 31. The mixed shoppers buy 12 categories and 16 items on an offline trip; the corresponding numbers for the pure offline shoppers are 13 and 17. So it appears that the shopping media change consumers' behavior, and the same consumers behave differently in the online medium than in the offline medium.
There are no significant differences in observed demographics across the pure online shoppers and the mixed shoppers, a result consistent with the sample selection criterion. Mean family size and number of adults for pure online shoppers are 2. Danaher et al. (2003) note that even when one has access to a mixed shopper panel such as ours, there could be unobserved factors such as stockouts (in offline stores) that could explain differences in elasticities across channels. Such factors could result in greater offline brand switching, from which one might erroneously infer higher online brand loyalty. Although such factors could certainly exist, factors such as stockouts are more likely to occur for promoted items. If households purchase nonpromoted items as a consequence, this is likely to lower offline price elasticities, which works against our findings and is therefore unlikely to explain our results. Furthermore, our results are consistent across 12 categories, indicating that it is not a category-specific finding.
The Frozen Pizza Category
In the frozen pizza category, 1,514 households make at least one purchase. Table 2 summarizes their demographics. Interestingly, there do not appear to be large differences in demographics of pizza buyers across zones. Of these pizza buyers, 4.4% are pure online shoppers, 4.2% are pure offline shoppers, and 91.4% are mixed shoppers. Again, there are no significant differences in the observed demographics across different types of shoppers. These households make 65,613 shopping trips, with 9,872 online and 57,741 offline; 18.9% of the trips involve purchases of frozen pizza. The purchase incidences for online and offline trips are 39.2% and 15.3%, respectively. Table 3 reports the mean prices and conditional (on purchase) market shares of each of the listed 15 items.
The raw data suggest that households are less responsive to price changes in the online store than in the offline stores. For example, the regular prices for the 600-g Buitoni pizza increased by 3.3% in both offline and online stores from week 22 on. Before the price change, the total numbers of purchases for the online and offline stores are 63 and 73, respectively; these numbers after the change are 101 and 64. In the same periods, the total numbers of purchases of the 340-g Buitoni pizza, which did not experience a shift in regular prices, increase from 94 to 115 for the online store and from 64 to 94 for the offline stores.
Model
We follow the standard random utility approach for the demand model. We assume that on a given shopping trip, a household either chooses an alternative that gives it the highest utility in the category or chooses not to purchase in the category. We do not model a household's store choice decision explicitly but focus on purchase incidence and brand choice, because we believe that store choice is a much more complicated issue and that one category alone usually is not able to drive a household's store choice decision. On a shopping trip in week t, household h's indirect utility of choosing alternative (brand j of size b and flavor f ) from store s is given by 
where X ht includes following variables: (1) weather dummy, (2) weekday dummy, (3) purchase quantity on the last trip/household size, (4) an indicator that takes the value 1 if the basket size excluding pizza exceeds E90 (to check whether a household buys pizza only because it wants to take advantage of the free delivery option), and (5) an indicator that takes the value 1 if the household purchased pizza on any of the two most recent trips (to capture inventory effects but mitigating the endogeneity problem associated with using inventory or time elapsed since last purchase). Assuming that h st follows an extreme value distribution yields the logit probability of alternative choice off , and is the set of alternatives available to households. Intrinsic preferences for brand and product attributes vary across consumers as follows:
We allow the distribution of price response parameter and the impact of demographics on price sensitivity to differ across online and offline channels as follows (Chintagunta et al. 2003) :
In addition to the four demographics in D h , DP h also includes (1) an indicator for the store zone that a household resides in (to check whether households living in different price zones exhibit different price sensitivity) and (2) an indicator taking the value 1 if basket size, excluding pizza, exceeds E90 (to check whether households are more price sensitive if buying pizza has no effect on delivery charge). on and off are the effects of demographics on online and offline price response. We average the choice probabilities across households to obtain alternative 's market share
Estimation
We estimate the demand parameters by combining maximum likelihood estimation (MLE) for the heterogeneity parameters with a two-stage least-squares (2SLS) regression to recover the mean parameters of the heterogeneity distribution and to control for the potential price endogeneity problem. To simplify notation, let st be the mean utility of alternative across households and h st be the household-specific deviations from the mean, which are defined respectively as
off , we can rewrite Equation (3) as
Because of the presence of unobserved product characteristics st that might be correlated with price, we cannot use standard MLE to obtain consistent estimates of the mean parameters and together with the heterogeneity distribution parameters. We use the two-stage procedure suggested by Berry (1994) and implemented by Goolsbee and Petrin (2004) with individual choice data. In the first stage, we concentrate out the likelihood function and search only over the space of . This involves the following three steps: (1) For any candidate values of and vector of mean utilities , calculate the likelihood that a given household chooses alternative from store s in a given week t, and integrate over households' choice probabilities to obtain market shares.
(2) Given { }, solve for vector that matches observed market shares S st to model predicted sharesŜ st by a nonlinear search routine:
(3) Maximize the likelihood function by choosing { }. As usual formulas for the standard errors of { } will not apply because of sampling errors in the observed market shares, we compute them as in Goolsbee and Petrin (2004) . In the second stage, we project the estimated onto brand intercepts, product attributes, and price to recover the mean parameters ( ), as in Equation (5). In this stage, because prices might be correlated with the unobserved product attributes, we use M exogenous variables Z st as instruments for the endogenous prices. We use prices of pizza ingredients as instruments: flour, bacon, pepperoni, and cheese. The first-stage R-squared is 82.5%. We account for the estimation error in from the first stage by using a generalized 2SLS procedure.
2 An advantage of this approach is that we do not need to make any specific parametric assumptions about the pricegenerating process, nor do we need to specify a parametric distribution for .
Results
Demand Parameter Estimates for Frozen Pizza
In Table 4 , we report the model estimates for frozen pizza. A comparison of OLS and 2SLS parameter estimates reveals the importance of accounting for price endogeneity. We also find that it is important to account for both observed and unobserved household heterogeneity. Households are heterogeneous in their intrinsic preferences for brand and size and in their price sensitivities. Interestingly, consumers are more heterogeneous in online price response than in offline price response: The coefficients of variation for the online and offline stores are 0.342 and 0.065, respectively. This might be because online shoppers come both from the high-price zone and the low-price zone; when these households shop offline, they primarily shop in the price zone where they live, as shown in Table 1 . Another possible reason for the higher online price heterogeneity might be that online sales could be coming from (a) households that make purchases online because they value other attributes such as convenience more and are therefore less price sensitive, and (b) households that value convenience and are also more responsive to promotions; the online shopping medium might make in-store comparison of price and some non-price attributes much easier for the latter group. The former group tends to be price inelastic and the latter group relatively more price elastic. Our discussion below will focus on the model with both observed and unobserved household heterogeneity.
We find that households living farther away from a store are less likely to purchase pizza. This is because in the city we study, households usually walk or take public transportation to do grocery shopping and therefore have to carry the basket home. This might be also because households living far away might be afraid that the pizzas will thaw if they travel a long distance. Households with elders are less likely to purchase pizza, possibly because they have more time to cook.
The majority of price-demographic interactions are significant, and the significant interactions are of the same sign for the online store as for the offline stores, implying that households with similar demographics exhibit similar behaviors across the two channels. A household's distance to the store is negatively related to price sensitivity: The farther a household lives from a store, the less price sensitive it is. This is likely because households closer to a store are more likely to obtain price and promotion information, for Buitoni ( instance, through more frequent store visits. This is consistent with Fox and Hoch (2005) , who find that the propensity to cherry pick is inversely related to shoppers' geographic distance to nearby stores. Large families are more price sensitive, which is consistent with the economic theory (Becker 1965) and with previous research (e.g., Ainslie and Rossi 1998) . The coefficient for the basket-size indicator is positive, implying that households are less price sensitive once their basket size, excluding pizza, exceeds the free delivery threshold. This is because large-basket trips are more likely to be planned trips and less likely to be cherry-picking trips than are small-basket trips and households are less price sensitive on planned trips. We now examine the effects of mean utility drivers for the no-purchase option.
Effect of Basket Size and Free Delivery
Threshold. When a household's basket, not including pizza, already exceeds the free delivery threshold, it is more likely to purchase frozen pizza, both for the online and offline trips, because the coefficient for the no-purchase option is significantly negative and the effect more pronounced for the offline trips than for the online trips. This implies that a household seldom considers individual categories on a large-basket trip, which is consistent with the fact that large-basket trips are more likely to be planned trips.
Lagged Purchase Quantity and Previous
Purchase Indicators. We expect that the more a household purchased on previous trips, the less likely it will purchase on the current trip. This effect is not significant for the offline trips while for the online trips, we get the opposite: The coefficients are negative, implying that households are more likely to make a purchase. This confirms that when a household makes an online trip, it buys everything, regardless of inventory levels. This could help explain the lower online price sensitivity. Because of the much larger items and categories purchased online, households might not pay careful attention to prices of individual items. The online medium makes consumers more inertial, as is shown by the online state-dependence coefficient (0.978) being higher than the offline one (0.652). The higher online inertia is further proved by the smaller numbers of unique brands and items bought by a household in the online store than in the offline stores. Over the one-year period, households on average bought 1.2 unique brands (s d = 0 5) and 2.2 unique items (s d = 1 4) in the online store (across all trips); the corresponding numbers for the offline stores are 1.4 (s d = 0 6) and 2.9 (s d = 2 0), respectively. This holds across all 12 categories investigated. This helps explain the lower online price sensitivity discussed below. The Internet shopping medium helps households create various shopping lists such as the previous purchase list. When a consumer is busy, she can simply click on the list to fill the basket, without looking at the content of the list.
Online/Offline Price Sensitivity
Households are less price sensitive when shopping online than when shopping offline. The corresponding elasticity estimates are reported in Table 5 . The average unconditional online price elasticity is 3.17, about 78% of the offline price elasticity (4.08). We use bootstrapping to compute the asymptotic covariance matrix and conduct a mean difference test (Johnson and Wichern 2002) on the vectors of online and offline price elasticities. We find the online-offline elasticity differences are statistically significant at the 5% level. A paired comparison test on equal elasticities across the two channels gives a t-statistic of 18.1, rejecting the hypothesis of equal elasticities across channels.
There are several possible reasons for consumers' lower sensitivity to price when shopping online. First, consumers are more likely to shop online when they are subject to time pressure. For example, we find consumers are more likely to shop online on weekdays.
3 When consumers are pressured for time, they will search less and make fewer price comparisons within the store and are thus likely to be less price sensitive. This is consistent with previous research on time pressure and search and cherry-picking behavior. Urbany et al. (1996) and Putrevu and Ratchford (1997) find that time pressure is negatively related to search. Fox and Hoch (2005) find that the likelihood of cherry picking is higher on weekends than on weekdays. Second, the household is able to create various shopping lists at the Internet store to facilitate future shopping. These shopping lists reduce total shopping time but also reduce consumers' search and price comparisons. As a result, households become more inertial in the online store, as is shown by the much larger online state-dependence parameter estimate. They might make purchases before seeing the prices of the items in the basket. This is consistent with Howard and Sheth's (1969) theory of routinized response behavior. Third, the online store provides easier-to-obtain nonprice information (e.g., nutrition facts). According to Lynch and Ariely (2000) , consumers become less price sensitive when they are provided with more nonprice information. Fourth, the online grocery store is the only successful online store and therefore is a virtual monopoly for the online shopping medium in this market. This reduces consumers' comparison shopping across stores. When households decide to shop online, they know the store is the "only show in town" and accept the prevailing prices. Last but not least, grocery shopping is a frequent and repetitive activity and can be a burden for most people. Online grocery shopping is primarily a convenience good, and consumers might be willing to pay a premium for the associated convenience. Studies find that consumers do not consider price as the most important factor in choosing an online store for grocery shopping. In a survey by Morganosky and Cude (2000) , 73% of e-grocery shoppers report convenience and time saving as primary reasons for using the Internet to buy groceries.
The unconditional elasticities described above are the result of two factors: the price response coefficient and purchase incidence. Everything else being the same, the higher online purchase incidence will result in a decrease in the relative magnitude of online/ offline own price elasticity. To investigate the effect of price response alone, we compute the conditional (on purchase) price elasticities, shown in the right panel of Table 5 . The conditional market shares are not much different across the two channels, so the conditional price elasticities are primarily determined by the online and offline price response parameters. The mean conditional online and offline price elasticities are 3.03 and 3.87, respectively.
Key findings from our analysis are as follows. We find that it is important to account for price endogeneity and observed and unobserved consumer heterogeneity. Household demographics influence both purchase incidence and price response. Larger households are more price sensitive, and households living farther away from a store are less price sensitive. Households exhibit more inertia in the online channel. Households are less price sensitive but more heterogeneous in price response when shopping online.
Robustness Checks
We check whether our parameter estimates and conclusions are sensitive to model specification and whether the differences across online and offline price elasticities can be attributed to other factors. 5.3.1. Price Zone and Price Sensitivity. We checked whether households also exhibit zone-specific price sensitivity and whether it is a household's location in a particular price zone that causes the lower online price sensitivity. For this, in addition to including a household's residential zone as one demographic variable that affects price sensitivity, we also did the following: (a) Under the current model specification, we allowed the two offline price zones to have different mean price coefficients. We found these effects are not statistically different. (b) We estimated a separate random coefficients logit model for households in both the low-price and the high-price zones and obtained lower online price sensitivities for both types of households. (c) We estimated a random coefficients logit model for the offline trips only, allowing the two offline price zones to have different price coefficients. Again we found the two price coefficients are not statistically different.
4 Therefore, we conclude that the lower online price sensitivity is not caused by the different price zones.
Variance-Covariance Matrix for Alternative
Preferences. Because our frozen pizza data have 15 choice alternatives, estimating a full variance-covariance matrix for the alternative preferences implies estimating 120 parameters. To reduce the computational burden, we used a characteristics approach and decomposed the alternative preferences into preferences for brand, size, and flavor. A second approach is to estimate a factor-analytic model for the alternative preferences (Elrod and Keane 1995) . We estimated a two-factor model, and the imputed online and offline price elasticities are −3 34 and −4 47, respectively, with an online/offline ratio of 0.75. This compares to −3 17 and −4 08 with a ratio of 0.78 for our model.
Number of Trips, Purchase
Incidence, and Basket Size. The online and offline stores differ substantially in number of trips, purchase incidence, and basket size. To check whether the online and offline price sensitivity estimates are affected only by these factors, we re-estimated the model for the following cases: (a) drop small (basket <E50 or <E70) offline trips such that online and offline stores are comparable in terms of number of trips, purchase incidence, and basket size; and (b) randomly select offline trips such that online and offline stores are comparable in terms of number of trips. We find that online price sensitivities are lower in all cases. Even when online and offline have roughly the same number of trips, purchase incidence, and basket size, the online price sensitivity is still only 82% of the offline. Therefore, we can conclude that our estimated price sensitivity differences across the two channels are not caused by differences in number of trips, purchase incidence, or basket size. This is further confirmed by our analysis in other categories as discussed below.
Purchase Quantities.
We have shown that households are less price sensitive in purchase incidence and brand choice when shopping online than when shopping offline. One possible reason for this is that households are more responsive to online promotions and purchase in greater quantities. If so, the lower online price sensitivity in purchase incidence and brand choice will be compensated by the higher online price sensitivity in purchase quantity. We check all categories and find that households do not seem to be more responsive to online promotions than offline promotions by buying more in promotion weeks. The reason might be that if households are less sensitive in purchase incidence and brand choice when shopping online because of factors such as time pressure, ignorance of promotions, or distractions by nonprice information, they are also unlikely to purchase more of the promoted items.
The Effect of Regular Price
Change versus Promotional Price Change. Households might respond differently to regular price changes than to promotional price changes. We find that one item experienced a level shift in regular price, but the magnitude was much smaller than promotional price cuts, so the observed differences were largely caused by promotional price changes. Nevertheless, we repeated the analysis after dropping the four-week period following the level shift in one item's regular price and obtained similar results.
Price Sensitivities for Other Categories
To check whether the above conclusions hold in other categories, we extend the analysis to 11 more categories-yogurt, shelf-stable milk, cooking oil, toilet paper, square bread, eggs, liquid fabric softener, packed oranges, paper towels, packed potatoes, and Table 6 Channel-Specific Price Elasticity for Other Categories liquid dish detergent. These categories differ substantially in basket share and purchase incidence across the online and offline channels. They include large categories such as yogurt and milk and small categories such as packed potatoes and paper towels; categories that are more likely to be purchased online because of their bulkiness or heaviness, such as toilet paper and milk, as well as categories that are more likely to be purchased offline because of their "sensory" nature, such as bread and oranges; and conventional consumer packaged goods as well as nonconsumer packaged goods, such as packed oranges and potatoes. We report the major results in Table 6 and put the detailed estimates in the appendix. We can see that across all categories, households are always less price sensitive when shopping online than when shopping offline. The ratio of online/offline price elasticities ranges from 0.44 to 0.88.
Conclusion
In this paper, we use a unique data set to examine the same consumers' price sensitivity across online and offline channels. We observe the same households that shop interchangeably at the online store and at the offline stores in the same grocery chain and investigate their purchase behavior in specific product categories. Nearly 90% of households shop at both online and offline stores. More importantly, across 12 vastly different product categories, these households exhibit lower price sensitivities when they shop online than when they shop offline. There could be several reasons for these findings, including constraints on time and the convenience of online shopping; greater inertia online because of factors such as the presence of "shopping lists," availability of nonprice information, and absence of online alternatives to this supermarket.
One extension to the current exercise is to explicitly incorporate purchase quantity decisions and decompose price elasticity into the elasticity of purchase incidence, brand choice, and purchase quantity. As shown in our robustness checks, we see that an identical price reduction across channels does not result in a bigger online response in purchase quantity than in the offline channel. Nevertheless, the actual quantity purchased could vary across channels and needs to be considered. Studying channel choice is another worthwhile endeavor, because the information available to the household at the time of making the store choice decision is not typically observed in the data.
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Appendix
In this appendix, we report summary statistics and demand parameter estimates for the other 11 categories-yogurt, shelf-stable milk, cooking oil, toilet paper, square bread, eggs, liquid fabric softener, packed oranges, paper towels, packed potatoes, and liquid dish detergent.
In Table A .1 we report summary statistics for these categories, including the distribution of shopper types, distribution of shopping trips and purchases across channels and price zones, unique numbers of brands and items ever bought in each channel by each household, and mean quantities per purchase by channel. Households are more likely to make a purchase in a particular category when they visit the online store than when they visit offline stores: The ratio of online/offline purchase incidence ranges from 1.91 for square bread to 5.81 for paper towels. For any given category, households tend to buy larger quantities in the online store than in the offline stores: The online/offline quantity ratio ranges from 1.13 for packed oranges to 2.13 for shelfstable milk. However, households exhibit less variety seeking and focus on fewer brands and items when shopping online than when shopping offline: The online/offline ratio of numbers of unique items ever bought ranges from 0.39 for square bread to 0.94 for toilet paper.
In Tables A.2, A .3, and A.4 , we report estimates of the key demand parameters, including the main price effect and demographic effects on purchase incidence, on price sensitivity, and on the no-purchase decision. Common findings are: (1) households are always less price sensitive in the online store than in the offline stores; (2) the farther a household lives from a physical store, the less price sensitive it is; (3) households exhibit higher inertia in the online store than in the offline store; (4) most demographics have significant effects on purchase incidence, price sensitivity, and the no-purchase decision; (5) households in different price zones exhibit similar price sensitivities; (6) households do not seem to take advantage of the free delivery option when purchasing in a particular category, because when their basket size already exceeds the free delivery threshold, they are more likely to make a purchase in the category, which is true for both online and offline channels; (7) inventory levels do not seem to play a big role in a household's category purchase decision in the online store: in 8 of the 11 categories, the higher the lagged purchase quantity/household size, the more likely it is that a household makes a purchase; and (8) it is important to explicitly account for price endogeneity, as the imputed price elasticities are much smaller for the OLS model than for the 2SLS model.
Yogurt
Yogurt is one of the largest basket-share categories, accounting for 4.7% of total grocery spending, 4.0% of online grocery spending, and 5.2% of offline grocery spending. There are 4 brands and 144 items in this category. At least one purchase in the yogurt category is made by 2,577 households, of which 92.3% are "mixed shoppers" and 6.9% pure online shoppers. These households made 115,868 shopping trips during the one-year period, with 15.4% online and 84.6% offline. Of the shopping trips, 44.3% involve purchases of yogurt-71.9% for online trips and 33.2% for offline trips. The online store accounts for 30.6% of yogurt purchases, the high-price zone accounts for 47.6%, and the low-price zone accounts for 21.9%. Prices in the high-price zone are on average 4.3% higher than in the low-price zone, with a s.d. of 3.8%. Households on average have selected 4.4 unique items (s.d. = 4 7) when shopping online, compared with 9.6 unique items (s.d. = 8 1) when shopping offline.
The online and offline price elasticities are −2 035 and −2 950, respectively, with a ratio of 0.689. Larger households, households with children, and households with elders are more likely to buy yogurt. In both channels, households with elders are more price sensitive and households with children are less price sensitive. The ratio of online/offline state dependence parameters is 1.191. Households are more likely to buy yogurt online during weekdays.
Shelf-Stable Milk
Shelf-stable milk is also one of the largest basket-share categories, accounting for 4.3% of total grocery spending, 6.1% of online grocery spending, and 3.2% of offline grocery spending. There are 11 brands and 53 items in this category. There are 2,675 households that make at least one purchase in the shelf-stable milk category, of which 89.5% are "mixed shoppers" and 9.8% pure online shoppers. These households made 116,285 shopping trips during the one-year period, with 16.5% online and 83.5% offline. Of the shopping trips, 35.5% involve purchases of shelfstable milk: 83.0% for online trips and 26.2% for offline trips. The online store accounts for 40.2% of shelf-stable milk purchases, the high-price zone accounts for 37.5%, and the low-price zone accounts for 22.3%. Prices in the highprice zone are on average 2.1% higher than in the lowprice zone (s.d. = 2 4%). Households on average selected 2.0 unique items (s.d. = 1 5) when shopping online, compared to 3.0 unique items (s.d. = 2 6) when shopping offline. The online and offline price elasticities are −2 595 and −4 428, respectively, with a ratio of 0.586. Larger households are less likely to buy shelf-stable milk, while households with children and elders are more likely to buy. Larger households and households with children are less price sensitive in the online store. Households with elders are more price sensitive in the online channel but less price sensitive in the offline channel. The ratio of online/offline state dependence parameters is 1.149. Households are more likely to buy shelf-stable milk online on weekdays.
Cooking Oil
Cooking oil is a large basket-share category, accounting for 2.5% of total grocery spending, 3.4% of online grocery spending, and 1.9% of offline grocery spending. There are 12 brands and 38 items in this category; 2,421 households make at least one purchase in the cooking oil category, of which 90.7% are mixed shoppers and 8.6% pure online shoppers. These households made 109,709 shopping trips during the one-year period, with 15.8% online and 84.2% offline; 19.4% of the shopping trips involved purchases of cooking oil: 55.0% for online trips and 12.7% for offline trips. The online store accounts for 46.4% of cooking oil purchases, the high-price zone accounts for 37.3%, and the low-price zone accounts for 16.4%. Prices in the high-price zone are on average 2.0% higher than in the low-price zone, with a standard deviation of 2.6%. Households on average selected 1.8 unique items (s.d. = 1 5) when shopping online, Note. n.s. = not significant.
compared to 1.9 unique items (s.d. = 1 9) when shopping offline. The online and offline price elasticities are −1 820 and −3 980, respectively, with a ratio of 0.457. Larger households and households with children are less likely to buy cooking oil, while households with elders are more likely to buy. In both channels, larger households and households with elders are less price sensitive; households with children are more price sensitive. The ratio of online/offline state dependence parameters is 2.029. Households are more likely to buy cooking oil online on weekdays.
Toilet Paper
Toilet paper is a medium-sized basket-share category, accounting for 1.5% of total grocery spending, 2.2% of online grocery spending, and 1.0% of offline grocery spending. There are 3 brands and 12 items in this category; 2,632 households make at least one purchase in the toilet paper category, of which 89.8% are mixed shoppers and 9.5% are pure online shoppers. These households made 115,878 shopping trips during the one-year period, with 16.3% of trips online and 83.7% offline. Of the shopping trips, 19.2% involve purchases of toilet paper, 59.7% for online trips and 11.3% for offline trips. The online store accounts for 50.8% of toilet paper purchases, the high-price zone accounts for 35.3%, and the low-price zone accounts for 13.9%. Prices in the high-price zone are on average 2.6% higher than in the low-price zone (s.d. = 2 4%). Households on average selected 1.4 unique items (s.d. = 1 1) when shopping online, compared to 1.5 unique items (s.d. = 1 4) when shopping offline.
The online and offline price elasticities are −1 716 and −3 390, respectively, with a ratio of 0.506. Larger households and households with children are less likely to buy toilet paper, while households with elders are more likely to buy. In both channels, larger households, households with elders, and households with children are less price sensitive. The ratio of online/offline state dependence parameters is 1.954. On weekdays households are more likely to buy cooking oil online, while on weekends they are more likely to buy offline.
Square Bread
Square bread is one of the medium-sized basket-share categories, accounting for 1.1% of total grocery spending, 0.8% of online grocery spending, and 1.3% of offline grocery spending. There are 7 brands and 39 items in this category, and 2,321 households make at least one purchase in this category, of which 93.4% are mixed shoppers and 5.7% are pure online shoppers. These households made 108,137 shopping trips during the one-year period, with 14.8% online and 85.2% offline; 27.1% of the trips involved purchases of square bread-45.6% for online trips and 23.9% for offline trips. The online store accounts for 25.8% of square bread purchases, the high-price zone accounts for 51.0%, and the low-price zone accounts for 23.2%. Prices in the high-price zone are on average 3.4% higher than the low-price zone, with a standard deviation of 3.0%. Households on average selected 1.2 unique items (s.d. = 1 4) when shopping online, compared to 3.1 unique items (s.d. = 2 5) when shopping offline. The online and offline price elasticities are −3 339 and −3 790, respectively, with a ratio of 0.881. Larger households and households with children are more likely to buy square bread, and households with elders are less likely to buy. In both channels, larger households and households with elders are more price sensitive, and households with children are less price sensitive. The ratio of online/offline state dependence parameters is 1.140.
Eggs
Eggs is one of the small basket-share categories, accounting for 0.8% of total grocery spending, 0.6% of online grocery spending, and 0.9% of offline grocery spending. There are 6 brands and 18 items in this category, and 2,292 households make at least one purchase in the egg category, of which 93.4% are mixed shoppers and 5.8% are pure online shoppers. These households made 107,608 shopping trips during the one-year period, with 14.6% online and 85.4% offline; 24.2% of the shopping trips involved purchases of eggs: 44.5% for online trips and 20.7% for offline trips. The online store accounts for 26.6% of egg purchases, the high-price zone accounts for 50.9%, and the low-price zone accounts for 22.5%. Prices in the high-price zone are on average 3.6% higher than in the low-price zone, with a standard deviation of 3.6%. Households on average selected 1.7 unique items (s.d. = 1 0) when shopping online, compared to 3.4 unique items (s.d. = 2 0) when shopping offline.
The online and offline price elasticities are −3 427 and −4 012, respectively, with a ratio of 0.854. Larger households are more likely to buy eggs; number of children and number of elders have no effect on egg purchase. In both channels, larger households and households with children are more price sensitive. The ratio of online/offline state dependence parameters is 1.301. On weekdays, households are more likely to buy eggs online, while on weekends, they are more likely to buy offline.
Liquid Fabric Softener
Liquid fabric softener is one of the small basket-share categories, accounting for 0.7% of total grocery spending, 1.0% of online grocery spending, and 0.5% of offline grocery spending. There are 5 brands and 35 items in this category, and 1,949 households make at least one purchase in the liquid fabric softener category, of which 91.5% are mixed shoppers and 7.8% are pure online shoppers. These households made 89,820 shopping trips during the one-year period, with 15.4% online and 84.6% offline; 11.7% of the shopping trips involved purchases of liquid fabric softener-39.1% for online trips and 6.7% for offline trips. The online store accounts for 51.5% of liquid fabric softener purchases, the high-price zone accounts for 35.4%, and the low-price zone accounts for 13.1%. Prices in the high-price zone are on average 1.5% higher than the low-price zone, with a standard deviation of 2.6%. Households on average The online and offline price elasticities are −2 336 and −4 090, respectively, with a ratio of 0.571. Larger households are more likely to buy liquid fabric softener, and households with children are less likely to buy. In both channels, larger households are more price sensitive. The ratio of online/offline state dependence parameters is 1.819. On weekdays, households are more likely to buy liquid fabric softener online; on weekends, they are more likely to buy offline.
Packed Oranges
Packed oranges is one of the small basket-share categories, accounting for 0.7% of total grocery spending, 0.6% of online grocery spending, and 0.8% of offline grocery spending. Packed oranges are not branded. There are 7 items in this category. At least one purchase in the packed oranges category was made by 1,533 households, of which 94.5% are mixed shoppers and 4.8% pure online shoppers. These households made 76,251 shopping trips during the one-year period, with 13.9% online and 86.1% offline; 12.5% of these trips involved purchases of packed oranges-39.1% for online trips and 6.7% for offline trips. The online store accounts for 30.1% of packed orange purchases, the highprice zone accounts for 55.3%, and the low-price zone accounts for 14.6%. Prices in the high-price zone are on average 1.1% higher than in the low-price zone, with a standard deviation of 3.4%. Households on average selected 1.5 unique items (s.d. = 0 8) when shopping online, compared to 2.2 unique items (s.d. = 1 3) when shopping offline.
The online and offline price elasticities are −2 874 and −3 916, respectively, with a ratio of 0.734. Larger households and households with elders are less likely to buy packed oranges; households with children are more likely to buy. Larger households are more price sensitive in both channels. Households with children are less price sensitive online but more price sensitive offline; households with elders are more price sensitive online but less price sensitive offline.
Paper Towels
Paper towels is one of the small basket-share categories, accounting for 0.5% of total grocery spending, 0.8% of online grocery spending, and 0.3% of offline grocery spending. There are four brands and nine items in this category; 2,431 households make at least one purchase in the paper towel category, of which 90.1% are mixed shoppers and 9.1% are pure online shoppers. These households made 107,460 shopping trips during the one-year period, 16.4% online and 83.7% offline, and 15.3% of the shopping trips involved purchases of paper towels: 49.9% for online trips and 8.6% for offline trips. The online store accounts for 53.1% of paper towel purchases, the high-price zone accounts for 34.3%, and the low-price zone accounts for 12.7%. Prices in the high-price zone are on average 2.5% higher than in the low-price zone, with a standard deviation of 2.7%. Households on average selected 1.5 unique items (s.d. = 0 7) when shopping online, as compared to 2.0 unique items (s.d. = 1 1) when shopping offline.
The online and offline price elasticities are −1 973 and −4 034, respectively, with a ratio of 0.489. Larger households and households with children are less likely to buy paper towels, and households with elders are more likely to buy. In both channels, larger households, households with children and households with elders are less price sensitive. The ratio of online/offline state dependence parameters is 2.784. On weekdays, households are more likely to buy paper towels online; on weekends, they are more likely to buy offline.
Packed Potatoes
Packed potatoes is a small basket-share category, accounting for 0.5% of total grocery spending, 0.5% of online grocery spending, and 0.5% of offline grocery spending. Packed potatoes are not branded, and there are 14 items in this category; 1,981 households make at least one purchase in the packed potato category, of which 93.8% are mixed shoppers and 5.4% are pure online shoppers. These households made 96,139 shopping trips during the one-year period, 14.6% online and 85.4% offline. Of these shopping trips, 13.0% involve purchases of packed potatoes: 33.4% for online trips and 9.5% for offline trips. The online store accounts for 38.3% of packed potato purchases, the high-price zone accounts for 46.3%, and the low-price zone accounts for 15.5%. Prices in the high-price zone are on average 2.1% higher than in the low-price zone, with a standard deviation of 5.8%. Households on average have selected 1.8 unique items (s.d. = 1 1) when shopping online, compared to 2.6 unique items (s.d. = 1 6) when shopping offline.
The online and offline price elasticities are −2 449 and −3 829, respectively, with a ratio of 0.640. Larger households and households with elders are more likely to buy packed potatoes; households with children are less likely to buy. In both channels, larger households and households with elders are less price sensitive, and households with children are more price sensitive. The ratio of online/offline state dependence parameters is 2.426.
Liquid Dish Detergent
Liquid dish detergent is also a small basket-share category, accounting for 0.5% of total grocery spending, 0.7% of online grocery spending, and 0.4% of offline grocery spending. There are 5 brands and 18 items in this category; 2,342 households make at least one purchase in the liquid dish detergent category, of which 90.7% are mixed shoppers and 8.5% are pure online shoppers. These households made 107,993 shopping trips during the one-year period, with 15.9% online and 84.1% offline, and 9.3% of the shopping trips involved purchases of liquid dish detergent: 28.2% for online trips and 5.8% for offline trips. The online store accounts for 48.7% of liquid dish detergent purchases, the high-price zone accounts for 37.5%, and the low-price zone accounts for 13.8%. Prices in the high-price zone are on average 2.6% higher than in the low-price zone, with a standard deviation of 2.5%. Households on average selected 1.7 unique items (s.d. = 1 0) when shopping online, compared to 2.0 unique items (s.d. = 1 2) when shopping offline.
The online and offline price elasticities are −2 439 and −4 372, respectively, with a ratio of 0.558. Households with children are less likely to buy liquid dish detergent, and households with elders are more likely to buy. In both channels, larger households are more price sensitive. Households with elders are less price sensitive offline but more price sensitive online. The ratio of online/offline state dependence parameters is 2.376. On weekdays, households are more likely to buy liquid dish detergent online; on weekends, they are more likely to buy offline.
